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CANNULA FOR RECEIVING SURGICAL INSTRUMENTS 



Related Applications 

[0001] This application is a continuation of U.S. Application Serial No. 
10/361,877, filed February 10, 2003, which is a continuation-in-part of U.S. Application 
Serial No, 09/855,358, filed May 15, 2001, now U.S. Patent No. 6,524,320. 

Field of the Invention 

[0002] The present invention relates to a cannula for receiving surgical 
instruments for performing a surgical procedure on a body. 

Background of the Invention 

[0003] A known cannula for receiving surgical instruments is disclosed in U.S. 
Pat. No. 6,187,000. U.S. Pat. No. 6,187,000 discloses a cannula having an expandable 
portion. The expandable portion has a slot and a guide member disposed in the slot. The 
guide member is movable from a first terminal end of the slot to a second terminal end of the 
slot to enable the cross-sectional area of a passage in the cannula to increase. 

Summary of the Invention 

[0004] The present invention is a cannula for receiving surgical instruments for 
performing a surgical procedure on a body. The cannula includes a tube structure defining a 
passage through which the surgical instruments are inserted into the body. The tube structure 
includes an expandable portion for enabling an increase in the cross-sectional area of the 
passage, 

[0005] The expandable portion of the tube structure has a slot and a guide 
member disposed in the slot. The guide member is movable fi*om a first end of the slot 
toward a second end of the slot to enable the cross-sectional area of the passage to increase. 
The expandable portion has a stop between the first and second ends of the slot engageable 
with the guide member. The stop retains the guide member in a position relative to the slot 
and resists movement of the guide member relative to the slot fi-om the position. 

Brief Description of the Drawings 

[0006] The foregoing and other features of the present invention will become 
apparent to one skilled in the art to which the present invention relates upon consideration of 
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the following description of the invention with reference to the accompanying drawings, 
wherein: 

[0007] FIG. 1 is an exploded perspective view of a surgical cannula constructed 
in accordance with a first embodiment of the present invention, the cannula being shown in 
an expanded condition; 

[0008] FIG. 2 is a perspective view of the cannula of FIG. 1, the cannula being 
shown in a contracted condition; 

[0009] FIG. 3 is a rollout view of an arcuate segment of the cannula of FIG. 1 ; 

[0010] FIG. 4 is an enlarged view of a slot in the arcuate segment of FIG. 3; 

[0011] FIG. 5 is a schematic end view showing the cannula of FIG. 1 in the 
expanded condition; 

[0012] FIG. 6 is a schematic sectional view of the cannula of FIG. 1 during a 
surgical procedure; 

[0013] FIG. 7 is a schematic perspective view of a surgical cannula constructed in 
accordance with a second embodiment of the present invention, the cannula being shown in 
an expanded condition; 

[0014] FIG. 8 is a rollout view of an arcuate segment of the cannula of FIG. 7; 

[0015] FIG. 9 is a schematic perspective view of a surgical cannula constructed in 
accordance with a third embodiment of the present invention, the cannula being shown in an 
expanded condition; 

[0016] FIG. 10 is a rollout view of an arcuate segment of the cannula of FIG. 9; 

[0017] FIG. 11 is a schematic perspective view of a surgical cannula constructed 
in accordance with a fourth embodiment of the present invention, the cannula being shown in 
an expanded condition; 

[0018] FIG. 12 is an enlarged rollout view of an arcuate segment of the cannula 
ofFIG. ll;and 

[0019] FIG. 13 is a schematic sectional view of a surgical cannula constructed in 
accordance with a fifth embodiment of the present invention. 

Description of the Invention 
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[0020] The present invention is directed to a cannula for receiving surgical 
instruments during a surgical procedure. The present invention is applicable to a variety of 
surgical procedures in which endosftopic surgical techniques are used. 

[0021] FIG. 1 illustrates a cannula 10 constructed according to a first embodiment 
of the present invention. The cannula 10 is a tubular structure 12 centered on an axis 14. 
The tubular structure 12 defines a passage 16 through the cannula 10. Surgical instruments 
are inserted into the body during endoscopic surgery through the passage 16. 

[0022] The tubular structure 12 comprises a first tubular portion 20 and a second 
tubular portion 40 attached to the first tubular portion. The first tubular portion 20 is 
preferably made of a length of stainless steel tubing, but could alternatively be made of 
another suitable material, such as a radiolucent material. The first tubular portion 20 has a 
proximal end 22 and a distal end 24. Parallel cylindrical inner and outer surfaces 26 and 28 
extend between the ends 22, 24 of the first tubular portion 20. The first tubular portion 20 
has a thickness measured perpendicular to the surfaces 26 and 28 in the range of 0.02 inches 
to 0.04 inches or approximately 0.5 mm to approximately 1.0 mm. 

[0023] The inner surface 26 (FIG. 1) defines a first passage portion 30 of the 
passage 16 through the cannula 10. The first passage portion 30 has a diameter Dl which is 
preferably in the range from 10 mm to 20 mm or approximately 0.4 inches to approximately 
0.8 inches. The inner surface 26 may have a non-reflective coating to reduce glare on any 
video image produced by a video camera inserted through the passage 16. 

[0024] The second tubular portion 40 of the tubular structure 12 is attached to the 
distal end 24 of the first tubular portion 20. The second tubular portion 40 is preferably made 
from stainless steel, but could altematively be made from another suitable material, such as a 
radiolucent material. 

[0025] As best seen in the rollout view of FIG. 3, the second tubular portion 40 
includes an arcuate segment 42 of sheet stock. The arcuate segment 42 includes first and 
second edges 44 and 46. The arcuate segment 42 also includes first and second planar edges 
48 and 50 extending between the edges 44 and 46. The first and second planar edges 48 and 
50 are rolled in an overlapping manner to form the tubular configuration of the second 
tubular portion 40. 
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[0026] When the second tubular portion 40 (FIG. 1) has been rolled into its 
tubular configuration, the first and second edges 44 and 46 define oppositely disposed first 
and second ends 60 and 62 of the second tubular portion. The first and second ends 60 and 
62 are connected by a central portion 64. The first end 60 of the second tubular portion 40 is 
attached to the distal end 24 of the first tubular portion 20 by a suitable fastener, such as a 
rivet 66. It is contemplated that a screw could be used instead of the rivet 66. The rivet 66 
extends through two aUgned apertures 68 at the first end 60 of the second tubular portion 40. 

[0027] The rivet 66 has a first portion 70 and a second portion 72. The first 
portion 70 has a shaft 74 extending from a head 76. The shaft 74 extends through the 
apertures 68 in the tubular portion 40 and the head 76 engages the inner surface 26 of the first 
tubular portion 20. A cyUndrical opening 78 extends through the shaft 74 and the head 76. 

[0028] The second portion 72 of the rivet 66 has a shaft 80 extending firom a head 
82. The shaft 80 extends into the opening 78 in the first portion 68 of the rivet 66 and the 
head 82 engages the second tubular portion 40. The shaft 80 of the second portion 72 
extends into the opening 78 in the first portion 70 to connect the first and second portions of 
the rivet 66 and pivotally connect the second tubular portion 40 to the first tubular portion 20. 

[0029] The second tubular portion 40 (FIG. 1) includes parallel inner and outer 
surfaces 90 and 92 extending between the first and second ends 60 and 62. The inner surface 
90 defines a second passage portion 94 of the passage 16 through the cannula 10 which 
extends as a continuation of the first passage portion 30 in the first tubular portion 20. The 
second tubular portion 40 has a thickness measured perpendicular to the surfaces 90 and 92 
in the range of 0.003 inches to 0.005 inches or approximately 0.075 mm to approximately 
0.125 mm. The inner surface may have a non-reflective coating that reduces glare on any 
video image produced by a camera inserted through the passage 16. 

[0030] An arcuate slot 100 (FIGS. 1 and 3) is formed in the second tubular 
portion 40 and extends between the inner and outer surfaces 90 and 92 of the second tubular 
portion. The arcuate slot 100 extends in a direction along a curvilinear path in the central 
portion 64 of the second tubular portion 40 toward the end 62 of the second tubular portion. 
The arcuate slot 100 has a first end 102 located in the central portion 64 of the second tubular 
portion 40. A second end 104 of the arcuate slot 100 is located adjacent the intersection of 
the second edge 46 and the planar edge 48 of the arcuate segment 42. 
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[0031] The arcuate slot 100 (FIGS. 3 and 4) has three notches or stops 106 
between the ends 102 and 104. The notches 106 define three expanded conditions of the 
second tubular portion 40. The notches 106 extend in directions transverse to the arcuate 
direction in which the slot 100 extends. Although the present invention shows three stops 
106, it is contemplated that the slot could have any number of stops. 

[0032] A guide member or rivet 114 (FIGS. 1 and 3) is attached to the inner 
surface 90 of the second tubular portion 40 adjacent the intersection of the second edge 46 
and the planar edge 50. It is contemplated that a guide pin or screw could be used instead of 
the rivet 114. In the tubular configuration of the second tubular portion 40, the guide 
member 114 is located in the arcuate slot 100 and is movable along the curvilinear path of 
the arcuate slot. 

[0033] The rivet 114 (FIG. 1) is generally similar to the rivet 66 and, therefore, 
will not be described in detail. The rivet 114 has a first portion 116 and a second portion 
118. The first portion 1 16 has a shaft 120 extending from a head 122. The shaft 120 extends 
through the slot 100 and the head 122 engages a washer 124. A cylindrical opening 126 
extends through the shaft 120 and the head 122. 

[0034] The second portion 118 of the rivet 114 has a shaft 128 extending from a 
head 130. The shaft 128 extends into the opening 126 in the first portion 1 16 of the rivet 1 14 
and the head 130 engages the outer surface 92 of the second tubular portion 40. The shaft 
120 extends into the opening 126 to connect the first portion 116 of the rivet 114 to the 
second portion 118. 

[0035] The second tubular portion 40 of the tubular structure 12 is expandable 
from a contracted condition, shown in FIG. 2, to any one of three expanded conditions, one 
of which is shown in FIG. 1. In the contracted condition, the guide member 1 14 is located in 
the first end 102 of the arcuate slot 100 in the second tubular portion 40. The second passage 
portion 94 defined by the second tubular portion 40 is cylindrical in shape. The second 
passage portion 94 has a generally constant diameter D2 which is approximately equal to the 
diameter Dl of the first tubular portion 20. Thus, the cross-sectional area of the second 
passage portion 94 at the second end 62 of the second tubular portion 40 is approximately the 
same as the cross-sectional area at the first end 60 of the second tubular portion and is 
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approximately the same as the cross-sectional area of the first passage portion 30 in the first 
tubular portion 20. 

[0036] In the expanded conditions (FIG. 1), the guide member 114 engages one 
of the stops 106 and is located in one of the notches 106 in the arcuate slot 100 in the second 
tubular portion 40. It is also contemplated that the guide member 114 could engage one of 
the stops 106 and be located between adjacent notches 106. The stops 106 retain the guide 
member 1 14 in one of a plurality of positions relative to the slot 100 and resist movement of 
the guide member fi"om one of the plurality of positions relative to the slot. Accordingly, the 
stops 106 resist contraction of the second tubular portion 40. 

[0037] The second tubular portion 40 has a conical configuration when in the 
expanded conditions. At the second end 62 (FIG. 5) of the second tubular portion 40, the 
second passage portion 94 has a diameter D3 which is larger than the diameter D2 of the 
second passage portion at the first end 60. Thus, in the expanded conditions, the cross- 
sectional area of the second passage portion 94 at the second end 62 of the second tubular 
portion 40 is greater than the cross-sectional area of the second passage portion at the first 
end 60 of the second tubular portion. 

[0038] The cannula 10 (FIGS. 1 and 2) may include an outer member (not shown) 
for maintaining the second tubular portion 40 of the cannula in the contracted condition. It is 
contemplated that other suitable means for maintaining the second tubular portion 40 in the 
contracted condition could be employed. The outer member may be a layer of plastic tubing 
which is heat shrunk over both the first and second tubular portions 20 and 40 to hold the 
second tubular portion in the contracted condition. In addition, a loop of nylon string (not 
shown) for tearing the heat shrink tubing is wrapped around the heat shrink tubing so that it 
extends both underneath and on top of the tubing. An outer end of the string extends beyond 
the tubing. 

[0039] During an endoscopic surgical procedure, the cannula 10 (FIG. 6) is 
inserted through an incision into a body 138 of a patient in the contracted condition. The 
second tubular portion 40 is inserted inside the body 138. The first tubular portion 20 is 
inserted into the incision so that the first tubular portion extends firom an exterior of the body 
138 to inside the body. 
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[0040] The outer end of the string is then manually pulled on by the surgeon. 
Pulling on the string tears the heat shrink tubing. The heat shrink tubing remains on the 
cannula 10. With the heat shrink tubing torn, the second tubular portion 40 of the cannula 10 
is thereby released for expansion toward one of the expanded conditions. 

[0041] Next, an expansion tool (not shown) is inserted into the passage 16 in the 
cannula 10. The expansion tool is manually operated, causing a radially outwardly directed 
force to be exerted on the inner surface 90 of the second tubular portion 40 by the tool. The 
second tubular portion 40 expands toward one of the expanded conditions. Under the force 
of the expansion tool, the guide member 1 14 slides from the first end 102 of the arcuate slot 
100 toward the second end 102 of the arcuate slot to permit the expansion of the second 
tubular portion 40. The guide member 114 engages a first stop 106 to position the guide 
member relative to the slot 100. If the second tubular portion 40 needs to be expanded 
further, additional force is applied, to the second tubular portion to move the guide member 
1 14. Expansion of the second tubular portion 40 can be stopped when the guide member 1 14 
engages one of the stops 106. The guide member 114 engages the stops 106 to position the 
guide member in any one of the plurality of positions relative to the slot 100. The stops 106 
resist movement of the guide member 114 relative to the slot 100, Accordingly, the second 
tubular portion 40 has a pliu-ality of expanded conditions. The expansion tool is then 
removed so that one or more surgical instruments (indicated schematically at 140 in FIG. 6) 
can be received through the cannula 10 and inserted into a patient's body 138. 

[0042] The expandable second tubular portion 40 of the cannula 10 provides a 
large working area for the surgeon inside the body 140 within the confines of the cannula. 
Furthermore, the second tubular portion 40 provides a working area that is only as large as 
needed. As a result, the simultaneous use of a number of endoscopic surgical instruments, 
including but not limited to steerable instruments, shavers, dissectors, scissors, forceps, 
retractors, dilators, and video cameras, is made possible by the expandable cannula 10. 

[0043] A cannula 210 constructed according to a second embodiment of the 
present invention is illustrated in FIGS. 7-8. The cannula 210 includes a tubular structure 
212. The tubular structure 212 defines a passage 216 through the cannula 210. Surgical 
instruments are inserted into the body during endoscopic surgery through the passage 216. 
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[0044] The tubular structure 212 comprises a first tubular portion 220 and a 
second tubular portion 240 attached to the first tubular portion. The first tubular portion 220 
is identical to the first tubular portion 20 described in connection with the embodiment 
disclosed in FIGS. 1-6. Accordingly, the first tubular portion 220 will not be described in 
detail. 

[0045] The second tubular portion 240 of the tubular structure 212 is attached to a 
distal end 224 of the first tubular portion 220. As best seen in the rollout view of FIG. 8, the 
second tubular portion 240 includes an arcuate segment 242 of sheet stock. The arcuate 
segment 242 includes first and second edges 244 and 246. The arcuate segment 242 also 
includes first and second planar edges 248 and 250 extending between the edges 244 and 
246. The first and second planar edges 248 and 250 are rolled in an overlapping manner to 
form the tubular configuration of the second tubular portion 240. 

[0046] When the second tubular portion 240 has been rolled into its tubular 
configuration, the first and second arcuate edges 244 and 246 define oppositely disposed first 
and second ends 260 and 262 (FIG. 7) of the second tubular portion. The first and second 
ends 260 and 262 are connected by a central portion 264. The first end 260 of the second 
tubular portion 240 is attached to the distal end 224 of the first tubular portion 220 by a 
suitable fastener, such as a rivet 266. The rivet 266 extends through two aligned apertures 
268 (FIG. 8) at the first end 260 of the second tubular portion 240. The rivet 266 is identical 
to the rivet 66 described in connection with the embodiment illustrated in FIGS. 1-6. 
Accordingly, the rivet 266 will not be described in detail. 

[0047] The second tubular portion 240 (FIG. 7) includes parallel inner and outer 
surfaces 290 and 292 extending between the first and second ends 260 and 262. The inner 
surface 290 defines a second passage portion 294 of the passage 216 through the cannula 210 
which extends as a continuation of a first passage portion 230 in the first tubular portion 220. 

[0048] An arcuate slot 270 (FIGS. 7 and 8) is formed in the second tubular 
portion 240 and extends between the inner and outer surfaces 290 and 292 of the second 
tubular portion. The arcuate slot 270 extends in a direction along a curvilinear path in the 
central portion 264 of the second tubular portion 240 toward the end 262 of the second 
tubular portion. The arcuate slot 270 has a first end 272 located in the central portion 264 of 
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the second tubular portion 240. A second end 274 of the arcuate slot 270 is located adjacent 
the intersection of the second edge 246 and the planar edge 248 of the arcuate segment 242. 

[0049] A guide member or tab 280 extends from the second tubular portion 240 at 
a location adjacent the intersection of the second edge 246 and the planar edge 250 of the 
arcuate segment 242. The tab 280 is formed by bending a cut-out of the arcuate segment 242 
to extend through the slot 270. In the tubular configuration of the second tubular portion 
240, the tab 280 is located in the arcuate slot 270 and is movable along the curvilinear path of 
the arcuate slot. 

[0050] The second tubular portion 240 of the tubular structure 212 is expandable 
from a contracted condition to an expanded condition. In the contracted condition, the guide 
member 280 is located in the first end 272 of the arcuate slot 270 in the second tubular 
portion 240. The second passage portion 294 defined by the second tubular portion 240 is 
cylindrical in shape. The second passage portion 294 has a generally constant diameter 
which is approximately equal to the diameter of the first tubular portion 220. Thus, the 
cross-sectional area of the second passage portion 294 at the second end 262 of the second 
tubular portion 240 is approximately the same as a cross-sectional area at the first end 260 of 
the second tubular portion and is approximately the same as a cross-sectional area of the first 
passage portion 230 in the first tubular portion 220. 

[0051] In the expanded condition, the guide member 280 is located in the second 
end 274 of the arcuate slot 270 in the second tubular portion 240. The second tubular portion 
240 has a conical configuration. At the second end 262 of the second tubular portion 240, 
the second passage portion 294 has a diameter which is larger than the diameter of the second 
passage portion at the first end 260. Thus, in the expanded condition, the cross-sectional area 
of the second passage portion 294 at the second end 262 of the second tubular portion 240 is 
greater than the cross-sectional area of the second passage portion at the first end 260 of the 
second tubular portion. 

[0052] During an endoscopic surgical procedure, the cannula 210 is inserted 
through an incision into the body of a patient in the contracted condition. The second tubular 
portion 240 is inserted inside the body. The first tubular portion 220 is inserted into the 
incision so that the first tubular portion extends from an exterior of the body to inside the 
body. 



ENDIUS.027CPC1 



-9- 



Knobbe, Martens, Olson & Bear, LLP 



[0053] An expansion tool (not shown) is inserted into the passage 216 in the 
cannula 210, The expansion tool is manually operated, causing a radially outwardly directed 
force to be exerted on the inner surface 290 of the second tubular portion 240 by the tool. 
The second tubular portion 240 expands toward the expanded condition. Under the force of 
the expansion tool, the guide member 280 slides from the first end 272 of the arcuate slot 270 
to the second end 274 of the arcuate slot to permit the expansion of the second tubular 
portion 240. The expansion tool is then removed so that one or more surgical instruments 
can be received through the cannula 210 and inserted into a patient's body. 

[0054] The expandable second tubular portion 240 of the cannula 210 provides a 
large working area for the surgeon inside the body within the confines of the cannula. As a 
result, simultaneous use of a number of endoscopic surgical instruments, including but not 
limited to steerable instruments, shavers, dissectors, scissors, forceps, retractors, dilators, and 
video cameras, is made possible by the expandable cannula 210. 

[0055] A cannula 310 constructed according to a third embodiment of the present 
invention is illustrated in FIGS. 9-10. The cannula 310 includes a tubular structure 312. The 
tubular structure 312 defines a passage 316 through the cannula 310. Surgical instruments 
are inserted into the body during endoscopic surgery through the passage 316. 

[0056] The tubular structure 312 comprises a first tubular portion 320 and a 
second tubular portion 340 attached to the first tubular portion. The first tubular portion 320 
has a proximal end 322 and a distal end 324. Parallel cylindrical mner and outer surfaces 
extend between the ends 322 and 324 of the first tubular portion 320. The inner surface 
defines a first passage portion 330 of the passage 316 through the cannula 310. 

[0057] The second tubular portion 340 of the tubular structure 312 is attached to 
the distal end 324 of the first tubular portion 320. As best seen in the rollout view of FIG. 
10, the second tubular portion 340 includes an arcuate segment 342 of sheet stock. The 
arcuate segment 342 includes first and second edges 344 and 346. The arcuate segment 342 
also includes first and second planar edges 348 and 350 extending between the edges 344 and 
346. The first and second planar edges 348 and 350 are rolled in an overlappmg manner to 
form the tubular configuration of the second tubular portion 340. 

[0058] When the second tubular portion 340 (FIG. 9) has been rolled into its 
tubular configuration, the first and second arcuate edges 344 and 346 define oppositely 
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disposed first and second ends 360 and 362 of the second tubular portion. The first and 
second ends 360 and 362 are connected by a central portion 364. The first end 360 of the 
second tubular portion 340 is attached to the distal end 324 of the first tubular portion 320 by 
a suitable fastener, such a rivet 366. 

[0059] The rivet 366 is identical to the rivet 66 described in connection with the 
embodiment illustrated in FIGS. 1-6. Accordingly, the rivet 366 will not be described in 
detail. The rivet 366 extends through aUgned apertures 368 (FIG. 10) at the first end 360 of 
the second tubular portion 340. 

[0060] The first end 360 (FIGS. 9 and 10) of the second tubular portion 340 is 
also attached to the distal end 324 of the first tubular portion 320 by a tab 368 extending from 
the distal end 324 of the first tubular portion 320. The tab 368 extends through an opening 
370 in the second tubular portion 340 and is bent over to connect the second tubular portion 
to the first tubular portion 320. The end of the tab 368 extending through the opening 370 
may also be spot welded, soldered, or braized to the first tubular portion 320. 

[0061] The second tubular portion 340 includes parallel inner and outer surfaces 
390 and 392 extending between the first and second ends 360 and 362. The inner surface 
390 defines a second passage portion 394 of the passage 316 through the cannula 310 which 
extends as a continuation of the first passage portion 330 in the first tubular portion 320. 

[0062] An arcuate slot 372 is formed in the second tubular portion 340 and 
extends between the inner and outer surfaces 390 and 392 of the second tubular portion. The 
arcuate slot 372 extends along a curvilinear path in the central portion 364 of the second 
tubular portion 340 toward the end 362 of the second tubular portion. The arcuate slot 372 
has a first end 374 located in the central portion 364 of the second tubular portion 340. A 
second end 376 of the arcuate slot 372 is located adjacent the intersection of the second edge 
346 and the planar edge 348 of the arcuate segment 342. 

[0063] Guide members or tabs 378 and 380 extend from the second tubular 
portion 340 adjacent the intersection of the second edge 346 and the planar edge 350 of the 
arcuate segment 342. The tabs 378 and 380 are formed by bending cut-outs of the arcuate 
segment 342 to extend through the slot 370, In the tubular configuration of the second 
tubular portion 340, the tabs 378 and 380 are located in the arcuate slot 372 and are movable 
along the curvilinear path of the arcuate slot. 
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[0064] The second tubular portion 340 of the tubular structure 312 is expandable 
from a contracted condition to an expanded condition. In the contracted condition, the tabs 
378 and 380 are located in the first end 374 of the arcuate slot 372 in the second tubular 
portion 340. The second passage portion 394 defined by the second tubular portion 340 is 
cylindrical in shape. The second passage 394 has a generally constant diameter which is 
approximately equal to the diameter of the first tubular portion 320. Thus, the cross-sectional 
area of the second passage portion 394 at the second end 362 of the second tubular portion 
340 is approximately the same as the cross-sectional area at the first end 360 of the second 
tubular portion and is approximately the same as the cross-sectional area of the first passage 
portion 330 in the first tubular portion 320. 

[0065] In the expanded condition, the tabs 378 and 380 are located in the second 
end 376 of the arcuate slot 372 in the second tubular portion 340. The second tubular portion 
340 has a conical configuration. At the second end 362 of the second tubular portion 340, 
the second passage portion 394 has a diameter which is larger than the diameter of the second 
passage portion at the first end 360. Thus, in the expanded condition, the cross-sectional area 
of the second passage portion 394 at the second end 362 of the second tubular portion 340 is 
greater than the cross-sectional area of the second passage portion at the first end 360 of the 
second tubular portion. 

[0066] During an endoscopic surgical procedure, the cannula 310 is inserted 
through an incision into the body of a patient in the contracted condition. The second tubular 
portion 340 is inserted inside the body. The first tubular portion 320 is inserted into the 
incision so that the first tubular portion extends from an exterior of the body to inside the 
body. 

[0067] An expansion tool (not shown) is inserted into the passage 316 in the 
cannula 310. The expansion tool is manually operated, causing a radially outwardly directed 
force to be exerted on the inner surface 390 of the second tubular portion 340 by the tool. 
The second tubular portion 340 expands toward the expanded condition. Under the force of 
the expansion tool, the tabs 378 and 380 sUde from the first end 374 of the arcuate slot 372 to 
the second end 376 of the arcuate slot to permit the expansion of the second tubular portion 
340. 
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[0068] The expandable second tubular portion 340 of the cannula 310 provides a 
large working area for the surgeon inside the body within the confines of the cannula. As a 
result, the simultaneous use of a number of endoscopic surgical instruments is made possible 
by the expandable cannula 310. 

[0069] A cannula 410 constructed according to a fourth embodiment of the 
present invention is illustrated in FIGS. 1 1-12. The cannula 410 includes a tubular structure 
412. The tubular structure 412 defines a passage 416 through the cannula 410. Surgical 
instruments are inserted into the body during endoscopic surgery through the passage 416. 

[0070] The tubular structure 412 comprises a first tubular portion 420 and a 
second tubular portion 440 attached to the first tubular portion. The first tubular portion 420 
has a proximal end 422 and a distal end 424. Parallel cylindrical inner and outer surfaces 
extend between the ends 422 and 424 of the first tubular portion 420. The inner surface 
defines a first passage portion 430 of the passage 416 through the cannula 410. 

[0071] The second tubular portion 440 of the tubular structure 412 is attached to 
the distal end 424 of the first tubular portion 420. The second tubular portion 440 includes a 
plurality of arcuate segments 442 of sheet stock. The present invention has five arcuate 
segments 442. However, it is contemplated that any number of arcuate segments 442 could 
be used. 

[0072] The arcuate segments 442 are identical. Accordingly, only one of the 
arcuate segments 442 will be described in detail. The arcuate segment 442 (FIG. 12) 
includes first and second arcuate edges 444 and 446. The arcuate segment 442 also includes 
first and second planar edges 448 and 450 extending between the arcuate edges 444 and 446. 
The planar edges 448 and 450 of the arcuate segments 442 overlap each other to form the 
tubular configuration of the second tubular portion 440. 

[0073] When the second tubular portion 440 (FIGS. 11-12) is in its tubular 
configuration, the arcuate edges 444 and 446 define oppositely disposed first and second 
ends 460 and 462 of the second tubular portion. The first and second ends 460 and 462 are 
connected by central portions 464 of the arcuate segments 442. The first end 460 of the 
second tubular portion 440 is attached to the distal end 424 of the first tubular portion 420 by 
suitable fasteners, such as rivets 466. The rivets 466 extend through ahgned apertures 468 at 
the first end 460 of the second tubular portion 440. 
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[0074] Each of the arcuate segments 442 includes parallel inner and outer 
surfaces 490 and 492 extending between the first and second ends 460 and 462 of the second 
tubular portion 440. The inner surfaces 490 define a second passage portion 494 of the 
passage 416 through the cannula 410 which extends as a continuation of the first passage 
portion 430 in the first tubular portion 420. 

[0075] Arcuate slots 470 are formed in the arcuate segments 442 and extend 
between the inner and outer surfaces 490 and 492 of the second tubular portion 440. The 
arcuate slots 470 extend along curvilinear paths in the central portions 464 of the arcuate 
segments 442 toward the end 462 of the second tubular portion. The arcuate slots 470 have 
first ends 472 located in the central portions 464. Second ends 474 of the arcuate slots 470 
are located adjacent the end 462 of the second tubular portion 440. Guide members or rivets 
478 are attached to the arcuate segments 442. The guide members 478 are identical to the 
guide member 114 described in connection with the embodiment illustrated in FIGS. 1-6. 
Accordingly, the guide members 478 will not be described in detail. In the tubular 
configuration of the second tubular portion 440, the guide members 478 are located in the 
arcuate slots 470 and are movable along the curvilinear paths of the arcuate slots. 

[0076] The second tubular portion 440 of the tubular structure 412 is expandable 
from a contracted condition to an expanded condition. In the contracted condition, the guide 
members 478 are located in the first ends 472 of the arcuate slots 470 in the second tubular 
portion 440. The second passage portion 494 defined by the second tubular portion 440 is 
cylindrical in shape. The second passage 494 has a generally constant diameter which is 
approximately equal to the diameter of the first tubular portion 420. Thus, the cross-sectional 
area of the second passage portion 494 at the second end 462 of the second tubular portion 
440 is approximately the same as the cross-sectional area at the first end 460 of the second 
tubular portion and is approximately the same as the cross-sectional area of the first passage 
portion 430 in the first tubular portion 420. 

[0077] In the expanded condition, the guide members 478 are located in the 
second ends 474 of the arcuate slots 470 in the second tubular portion 440. The second 
tubular portion 440 has a conical configuration. At the second end 462 of the second tubular 
portion 440, the second passage portion 494 has a diameter which is larger than the diameter 
of the second passage portion at the first end 460. Thus, in the expanded condition, the 
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cross-sectional area of the second passage portion 494 at the second end 462 of the second 
tubular portion 440 is greater than the cross-sectional area of the second passage portion at 
the first end 460 of the second tubular portion. 

[0078] During an endoscopic surgical procedure, the cannula 410 is inserted 
through an incision into the body of a patient in the contracted condition. The second tubular 
portion 440 is inserted inside the body. The first tubular portion 420 is inserted into the 
incision so that the first tubular portion extends fi-om an exterior of the body to inside the 
body. 

[0079] An expansion tool (not shown) is inserted into the passage 416 in the 
cannula 410. The expansion tool is manually operated, causing a radially outwardly directed 
force to be exerted on the inner surfaces 490 of the second tubular portion 440 by the tool. 
The second tubular portion 440 expands toward the expanded condition. Under the force of 
the expansion tool, the guide members 478 shde from the first ends 472 of the arcuate slots 
470 to the second ends 474 of the arcuate slots to permit the expansion of the second tubular 
portion 440. 

[0080] The expandable second tubular portion 440 of the cannula 410 provides a 
large working area for the surgeon inside the body within the confines of the cannula. As a 
result, the simultaneous use of a number of endoscopic surgical instruments is made possible 
by the expandable cannula 410. Although the slots 470 are shown as not having stops, it is 
contemplated that the slots could have stops or notches similar to the stops 106 described in 
connection with the embodiment illustrated in FIGS. 1-6. 

[0081] A cannula 510 constructed according to a fifth embodiment of the present 
invention is illustrated in FIG. 13. The cannula 510 includes a tubular structure 512. The 
tubular structure 512 defines a passage 516 through the cannula 510. Surgical instruments 
are inserted into the body during endoscopic surgery through the passage 516. 

[0082] The tubular structure 512 comprises a first tubular portion 520 and a 
second tubular portion 540 attached to the first tubular portion. The first and second tubular 
portions 520 and 540 are identical to the first and second tubular portions 20 and 40 
described in connection with the embodiment disclosed in FIGS. 1-6. Accordingly, the first 
and second tubular portions 520 and 540 will not be described in detail. 
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[0083] The second tubular portion 540 of the tubular structure 512 is attached to a 
distal end 524 of the first tubular portion 520. A first end 560 of the second tubular portion 
540 is attached to the distal end 524 of the first tubular portion 520 by a suitable fastener (not 
shown), such as a rivet. The second tubular portion 540 includes parallel inner and outer 
surfaces 590 and 592 extending between first and second ends 560 and 562. The inner 
surface 590 defines a second passage portion 594 of the passage 516 through the cannula 510 
which extends as a continuation of a first passage portion 530 in the first tubular portion 520. 

[0084] The second tubular portion 540 of the tubular structure 512 is expandable 
fi-om a contracted condition to an expanded condition. In the contracted condition, the 
second passage portion 594 defined by the second tubular portion 540 is cylindrical in shape. 
The second passage portion 594 has a generally constant diameter which is approximately 
equal to the diameter of the first tubular portion 520. Thus, the cross-sectional area of the 
second passage portion 594 at the second end 562 of the second tubular portion 540 is 
approximately the same as a cross-sectional area at the first end 560 of the second tubular 
portion and is approximately the same as a cross-sectional area of the first passage portion 
530 in the first tubular portion 520. 

[0085] In the expanded condition, the second tubular portion 540 has a conical 
configuration. At the second end 562 of the second tubular portion 540, the second passage 
portion 594 has a diameter which is larger than the diameter of the second passage portion at 
the first end 560. Thus, in the expanded condition, the cross-sectional area of the second 
passage portion 594 at the second end 562 of the second tubular portion 540 is greater than 
the cross-sectional area of the second passage portion at the first end 560 of the second 
tubular portion. 

[0086] A second tubular structure 600 extends into the first tubular portion 520 of 
the tubular structure 512. The second tubular portion 600 extends into the first passage 
portion 530. The second tubular structure 600 has a radially extending flange 602 with 
openings 604 for receiving endoscopic surgical instruments and/or for application of suction 
or irrigation fluid. A tube 608 may extend from the flange 602 adjacent one of the openings 
604 for receiving a surgical instrument and/or the application of suction or irrigation fluid. 

[0087] The second tubular structure 600 includes parallel inner and outer surfaces 
610 and 612. The inner surface 610 defines a passage 616 through the second tubular 
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structure 600. The outer surface 612 and the inner surface 626 of the first tubular portion 520 
define an annular passage 620. The openings 604 in the flange 602 of the second tubular 
structure 600 communicate with the annular passage 620. Accordingly, surgical instruments 
extend through the openings 604 into the annular passage 620. 

[0088] During an endoscopic surgical procedure, the cannula 510 is inserted 
through an incision into the body of a patient in the contracted condition. The second tubular 
portion 540 is inserted inside the body. The first tubular portion 520 is inserted into the 
incision so that the first tubular portion extends fi'om an exterior of the body to inside the 
body. 

[0089] Next, an expansion tool (not shown) is inserted into the passage 516 in the 
cannula 510. The expansion tool is manually operated, causing a radially outwardly directed 
force to be exerted on the inner surface 590 of the second tubular portion 540 by the tool. 
The second tubular portion 540 expands toward the expanded condition. The expansion tool 
is then removed so that the second tubular structure 600 may be inserted into the passage 
516. 

[0090] The second tubular structure 600 is inserted into the passage 516 to define 
the annular passage 620. Surgical instruments can be received through the openings 604 in 
the flange 602 and into the annular passage 620 and one or more surgical instruments can be 
received through the passage 616 and/or suction or irrigation fluid can be applied through the 
passage 616. As a result, the simultaneous use of a number of endoscopic surgical 
instruments is made possible by the cannula 510. 

[0091] From the above description of the invention, those skilled in the art will 
perceive improvements, changes and modifications. Such improvements, changes and 
modifications within the skill of the art are intended to be covered by the appended claims. 
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